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IMTRCDUCTIOSI 


Lithium  alloys  are  used  as  anodes  in  molten  salt  batteries  in  order  to 
reduce  lithium  reactivity  and  to  improve  lithium  retention  at  operating 
temperatures .  However,  the  specific  energy  is  reduced  due  to  the  weight  of 
the  electrochemically  inert  component  in  the  alloy. 

Lithium  alloys  that  have  been  extensively  studied  in  molten  salt  media 
are  LiAl  (1)  and  more  recently  LiSi  and  T.iB  (2-4) .  The  studies  cited  used 
LiCl-KCl  eutectic  as  the  electrolyte  and  measurements  were  made  at  tempera¬ 
tures  from  377 °C  to  600 °C.  These  alloys  have  also  been  tested  in  thermal 
batteries  using  the  LiCl-KCl  electrolyte.  Bush  showed  that  LiSi  is  superior 
to  LiAl  in  the  Li/LiCl-KCl/FeS^  thermal  battery  (5) ,  and  Szwarc  and  co- 
workers  demonstrated  good  performance  using  LiB  in  single  cell  tests  (6) . 

LiSi  and  LiB  both  offer  the  advantage  over  LiAl  of  higher  weight  percent 
lithium,  indicating  an  immediate  increase  in  energy  density  for  LiSi  and  LiB. 
T.iB  appears  especially  attractive  because  the  alloy  is  thought  to  consist  of 
free  lithium  metal  contained  in  a  LiB-ccxnpound  matrix  (4)  .  However,  James 
and  DeVries  indicated  that  the  performance  of  LiB  anodes  fell  off  sharply 
below  450°C  (5) . 

In  our  laboratory,  we  have  tested  lithium,  aluminum,  and  LiAl  alloys  as 
anodes  for  chloroaluminate  cells,  especially  thermal  cells,  operating  at 
temperatures  from  175°C  to  275°C  (7) .  The  LiAl  alloy  28  weight  percent  in 
lithium  gave  the  best  results. 

In  light  of  the  inherent  weight  advantage  of  LiSi  and  LiB  alloys  and  of 
the  recent  LiCl-KCl  thermal  battery  wark  using  these  alloys,  we  decided  to 
test  these  alloys  in  thermal  cells  using  NaAlCl^  electrolyte  and  compare 
their  performances  with  LiAl.  This  report  presents  the  results  of  the 
comparison  study. 
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EXPEKDyENTAL 

Hie  electrolyte  preparation,  cell  fabrication,  and  single  cell  discharge 
experiments  have  been  described  previously  (8) ,  although  cell  fabrication 
was  modified  somewhat  to  accomodate  the  LiB  anodes.  The  LiB  anodes  sup¬ 
plied  by  General  Electric  Neutron  Devices  Department  consisted  of  0.16g  of 
alloy  pressed  on  to  a  stainless  steel  substrate  having  an  alundnum  tab. 

The  anodes  were  2.86  cm  in  diameter.  The  remainder  of  the  LiB  cell  was  a 
two-layer,  electrolyte/cathode  pellet  made  in  the  usual  way.  The  anode  was 
held  in  contact  with  the  electrolyte/cathode  pellet  in  the  single  cell 
tester . 

The  LiSi  alloy  used  in  this  study  was  40  weight  percent  lithium.  The 
alloy  was  obtained  in  powder  form  (-40  to  200  meshes)  fran  Foote  Mineral 
Company,  and  was  used  as  received  to  make  the  usual  three-layer,  pressed 
pellet  cells. 

All  anodes  were  tested  with  a  CuC^  cathode  consisting  of  electrolyte- 
binder  mixture,  CuCl^,  and  graphite.  The  CuC^  was  anhydrous,  51.3%  Cl, 
obtained  from  Alfa-Ventron  Corporation  and  was  used  as  received. 

The  number  of  LiB  anodes  was  limited,  therefore  the  measurements  using 
LiB  cells  were  confined  to  a  single  temperature  (200°C) .  Cells  having  LiSi 
anodes  were  discharged  over  the  temperature  range  of  175  to  275°C.  Each 
LiB  or  LiSi  cell  was  tested  against  a  paired  LiAl  cell  having  the  same 
electrolyte  and  cathode  canpositions .  Our  previous  LiAl  anodes  contained 
seme  electrolyte-binder  mixture,  so  the  LiB  anod.es  were  compared  with  LiAl 
anodes  containing  the  electrolyte-binder  mixture.  The  LiSi  anodes  could 
be  fabricated  easily  without  the  addition  of  electrolyte-binder  mixture, 
and  they  were  compared  with  LiAl  anodes  made  without  the  electrolyte-binder 
mixture.  Figure  1  summarizes  the  configuration  of  the  single  cells  tested. 
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SS  Current  Collector 

LIB 

EBM 

CuCI2+EBM  +  C 
Mo  Current  Collector 


Mo  Current  Collector 
LIAI  (with  or  without  EBM) 
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CuCI2  +  EBM+C 
Mo  Current  Collector 


Mo  Current  Collector 

LiSi 
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CuCI2+EBM  +C 
Mo  Current  Collector 


Figure  1.  Cell  configurations  used  for  comparisons  of  different  anodes. 
EBM  denotes  electrolyte-binder  mixture  (90  weight  percent  NaAlCl^  +  10 
weight  percent  SiC>2) . 
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RESULTS  AND  DISCUSSION 

LiB  Anodes. 

A  total  of  six  LiB  anodes  were  tested  at  200 °C  aid  current  densities  of 
2 

irom  15  to  100  mA/cm  (one  cell  shorted) .  Due  to  the  limited  number  of 
anodes  available  the  results  are  inconclusive. 

Hie  average  open  circuit  potential  of  the  six  cells  was  1.88V  as  opposed 
ro  1.8oV  for  the  LiAl  cells. 

Figure  2  shews  the  linear  polarization  of  LiAl-chloroaluminate  cells. 

"he  .internal  cell  resistance  determined  frem  the  slope  of  this  plot  is 
0.440  which  agrees  with  earlier  reports  (9).  Figure  3  shews  that  the  polar¬ 
ization  data  for  the  LiB-chloroaluminate  cells  do  not  result  in  a  straight 
'ine,  hue  a  logrithmic  relation  satisfying  the  equation 

y  =  1.539  -  0.113  In  y 

'•.is  behavior  is  characteristic  of  an  activation  overpotential  as  discussed 
by  Bockris  and  Reddy  (10) .  At  higher  current  densities,  the  ohmic  character 
i.  sties  of  the  cell  predominates,  and  the  potential -current  curve  becomes 
linear  with  a  slope  related  to  the  internal  resistance.  Figure  4  shows  the 
sere  LiB  polarization  data  with  a  linear  regression  line  through  the  three 
.nts  corresponding  to  the  highest  current  densities  (solid  line) .  The 
: ' ope  of  this  line  is  0.1%..  This  internal  resistance  is  significantly 
f-Twer  than  for  LiAl  cells  indicating  that  LiB  should  be  a  superior  anode 
r- ferial  at  higher  current  densities. 

’Hc.-re  shows  the  energy  densities  for  LiB  and  LiAl  cells  as  a  function 
:  '  current  density.  The  energy  densities  were  measured  to  80  percent  of 
:  r  ■  i  t.i  a 1  closed  circuit,  ^cltage  and  were  based  on  the  total  weight  of  the 
-parent  err-^iority  of  the  LiB  cells  can  be  attributed  to  the 


t 
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Figure  4.  Polarization  of  LiE/ftaMCl^/CuC^  thermal  cells  (broken  line) 
showing  the  linear  region  at  higher  current  densities. 
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Figure  5.  Comparison  of  energy  densities  obtained  frcro  cells  with  LiAl 
and  LiB  anodes. 
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difference  in  anode  weights  (0.16g  I  IB  versus  0.27g  LiAl  +  0.12g  electro¬ 
lyte-binder)  .  This  LiAl  anode  was  the  lightest  anode  that  could  be 
fabricated  using  our  facilities  (8) .  LiB  appears  to  be  increasingly  better 
at  higher  current  densities,  as  the  polarization  data  indicated. 

LiSi  Anodes. 

The  experiments  using  LiSi  anodes  were  ccrnplete,  therefore  the  results 
are  more  meaningful. 

At  200 °C,  the  open  circuit  potentials  were  1.93V  for  LiSi  cells  and 
1.91V  for  LiAl  cells.  These  values  appear  to  be  about  0.05V  higher  than 
would  be  expected.  The  source  of  this  increased  voltage  is  not  known. 

Figure  6  shows  the  polarization  data  for  LiSi  and  LiAl  cells  at  175°C 
and  250°C.  Both  type  cells  shew  linear  polarization  with  slopes  that  are 
essentially  the  same.  The  internal  resistance  at  all  temperatures  are 
shown  belcw: 

Internal  Resistance  (ft) 


175 

0.89 

0.96 

200 

0.32 

0.35 

225 

0.32 

0.34 

250 

0.31 

0.28 

275 

0.29 

0.28 

The  energy  densities  obtained  from  LiSi  cells  are  compared  with  LiAl 
cells  as  a  function  of  current  density  in  Figure  7  arid  as  a  function  of 
temperature  in  Figure  8.  These  figures  shew  that  cell  performance  is 
essentially  the  same  for  both  types  of  anodes  at  all  operating  conditions. 


POTENTIAL  (V) 


Figure  6 


CURRENT  (A) 


Polarization  of  chloroaluminate  thermal  cells  with  LiAl  and 
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LiSi  anodes  at  175  and  250°C. 


for  thermal  cells  with  LiAl  and  LiSi  anodes 


ENERGY  DENSITY  (Wh/kg) 


CONCLUSIONS 


This  study  showed  that  LiSi  and  LiAl  behave  rruch  alike  as  anodes  in 
chloroaluminate  thermal  cells,  whereas  LiB  behaves  quite  differently.  This 
is  understandable  since  the  physical  nature  of  LiB  is  considered  to  be 
different  from  the  other  materials. 

The  different  behavior  can  be  seen  in  the  polarization  data  for  cells 
with  LiAl,  LiSi,  or  LiB  anodes.  LiSi  and  LiAl  both  showed  linear  polariza¬ 
tion  for  the  current  densities  studied.  The  internal  cell  resistances 
determined  front  the  polarization  data  were  essentially  the  same  for  both 
types  of  cells  at  every  temperature .  On  the  other  hand,  cells  with  LiB 
anodes  exhibited  a  logrithmic  polarization  at  low  current  densities,  indi¬ 
cating  an  activation  overpotential.  Based  on  the  highest  current  densities 
used  in  this  study,  the  polarization  data  indicate  an  internal  resistance 
of  less  than  0.19ft.  Fran  this  lower  internal  resistance,  one  would  expect 
that  LiB  should  be  the  superior  anode  material  for  high  current  density 
operations.  The  area  of  high  current  density  will  be  studied  in  more 
detail  when  LiB  becomes  more  readily  available. 
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